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Abstract 


Hazardous  waste  (HW)  reduction  progress  in  the  Air 
Force  (AF)  is  currently  measured  as  a  percent  reduction  from 
an  established  baseline  year's  amount.  For  example,  the  AF 
metric  is  to  reduce  HW  off -site  disposal  by  25  percent  from 
the  1992  baseline  amount  by  1996.  Unfortunately,  this  goal 
does  not  reflect  changes  in  activity  levels  at  the  bases.  A 
base  that  experiences  an  increase  in  activities  that 
generate  HW  may  not  achieve  the  goal  despite  having  an 
aggressive  pollution  prevention  program.  Conversely,  a  base 
that  experiences  a  significant  decrease  in  HW  generating 
activities  may  achieve  the  goal  with  little  effort  put 
toward  pollution  prevention. 

This  research  investigated  the  relationship  between 
aircraft  related  maintenance  activity  and  the  amount  of  HW 
disposed  of  by  AFMC's  ALCs .  These  ALCs,  along  with  the 
Aircraft  Guidance  and  Meteorology  Center  generate 
approximately  76  percent  of  the  HW  generated  by  the  AF.  The 
activity  indexing  and  least  squares  curve  fitting  methods 
were  used  to  predict  the  amount  of  HW  that  would  have  been 
disposed  of  based  on  the  relative  level  of  aircraft  related 
maintenance  activity  had  no  pollution  prevention  efforts 
been  implemented.  These  predictions  were  then  compared  to 
what  actually  occurred  as  the  measure  of  HW  reduction 
progress . 
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The  results  indicated  that  there  is  a  moderate  to 


strong  correlation  between  HW  disposal  and  aircraft  related 
maintenance  at  five  of  the  six  bases  studied.  The  activity 
indexing  method  based  on  an  average  ratio  of  HW  to 
maintenance  and  the  method  of  fitting  a  least  squares 
regression  line  through  the  origin  were  determined  to  be  the 
most  useful  methods. 
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Two  vehicles  traveling  the  same  route  to  a  common 
destination  from  the  same  starting  point  will  have  traveled 
the  same  distance.  From  the  a  distance  perspective,  the 
vehicles  can  be  said  to  have  made  the  same  amount  of 
progress.  However,  if  one  of  those  vehicles  travels  faster, 
relative  to  the  other  vehicle,  it  will  reach  the  destination 
first.  Hence,  from  a  velocity  perspective,  the  faster 
vehicle  is  said  to  have  made  greater  progress  because  the 
journey  took  less  time.  The  velocity  of  the  vehicles 
provides  a  frame  of  reference  from  which  to  compare  the 
relative  progress  of  the  vehicles. 

Measuring  pollution  prevention  progress  is  similar  to 
the  above  analogy.  Two  firms  operating  in  the  same  industry 
may  achieve  the  same  reduction  of  pollution  (distance) ,  but 
the  level  of  production  (velocity)  of  the  two  firms  may 
differ.  If  one  of  the  firms'  production  level  increased 
relative  to  the  previous  period  and  the  other's  remained 


constant,  the  firm  that  experienced  the  increased  production 
would  be  said  to  have  made  greater  progress  in  reducing 
pollution.  In  this  case,  the  level  of  production  provides  a 
frame  of  reference  from  which  to  judge  progress. 

The  Air  Force's  pollution  prevention  metrics  target 
an  established  percentage  reduction  of  pollution  from  a 
baseline  mass  over  a  series  of  years.  For  instance, 
hazardous  waste  disposal  reductions  are  currently  assessed 
by  measuring  the  percentage  reduction  of  tons  of  hazardous 
wastes  disposed  off-site  compared  to  the  CY1992  baseline 
amount.  This  measurement  is  analogous  to  measuring  distance 
rather  than  velocity  because  the  relative  level  of  activity 
is  not  considered.  A  more  appropriate  measure  would  take 
into  consideration  the  relative  amount  of  activity  in 
determining  progress . 

General  Issue 

Measuring  pollution  prevention  progress  without 
considering  relative  levels  of  activity  may  not  reflect  true 
reduction  efforts  and  may  result  in  giving  credit  where 
credit  is  not  necessarily  due  or  not  giving  credit  when 
credit  is  due.  As  a  result,  the  current  method  of  measuring 
hazardous  waste  reduction  progress  in  the  Air  Force  may  not 
be  reflective  of  pollution  prevention  efforts.  Personnel 
reductions,  mission  changes,  base  realignment  and  closures, 
decreases  or  increases  in  depot  maintenance  activities, 
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regulatory  changes,  and  waste  site  cleanup  efforts  can  all 
affect  the  amount  of  hazardous  waste  disposal.  These 
changes  may  be  seen  at  the  base  level,  command  level,  within 
a  wing,  or  throughout  the  entire  Air  Force.  For  example, 
large  reductions  of  hazardous  waste  disposal  may  be  measured 
at  Base  A  that  has  a  decrease  in  aircraft  maintenance 
activities  for  a  given  year.  Base  B,  on  the  other  hand,  may 
show  a  significant  increase  in  hazardous  waste  disposal  due 
to  an  increase  in  aircraft  maintenance  activities.  Given 
the  assumption  that  aircraft  maintenance  activities  result 
in  the  generation  of  hazardous  wastes,  Base  A  would  easily 
achieve  their  targeted  percentage  reduction  with  little  or 
no  effort  put  toward  pollution  prevention,  whereas  Base  B 
may  not  achieve  their  reduction  goals  despite  having  an 
aggressive  pollution  prevention  program.  Clearly,  the 
current  metric  would  not  provide  a  fair  assessment  of  the 
relative  effectiveness  of  the  pollution  prevention  programs 
at  these  two  hypothetical  bases,  given  the  circumstances 
described  above.  The  current  metric  would  provide  a 
consistent  measure  only  if  the  Air  Force  mission  activities 
were  constant . 

Problem  Statement 

The  current  Air  Force  method  of  assessing  hazardous 
waste  reduction  progress  does  not  provide  a  fair  and 
accurate  means  of  assessing  the  relative  effectiveness  of 
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pollution  prevention  efforts  because  it  does  not  account  for 
changes  in  activity  levels.  Increases  or  decreases  in 
activity  levels  may  be  associated  with  a  respective  increase 
or  decrease  in  the  generation  and  subsequent  disposal  of 
hazardous  wastes.  Additionally,  the  usefulness  of  applying 
known  alternative  waste  reduction  measurements  within  the 
Air  Force  has  not  been  investigated. 

Purpose 

The  purpose  of  this  research  is  to  develop  a  revised 
metric  for  measuring  waste  reduction  progress  that  accounts 
for  changes  in  hazardous  waste  producing  activities. 

Research  Questions 

1.  Is  there  a  statistically  significant  relationship 
between  the  amount  of  hazardous  waste  disposal  and  various 
measures  of  aircraft  maintenance  activity? 

2 .  How  does  the  current  Air  Force  measurement  method 
compare  to  alternative  methods  of  measuring  pollution 
prevention  progress? 

Research  Scops 

Air  Force  Materiel  Command  (AFMC)  manages  approximately 
51%  of  the  total  Air  Force  budget  (AFMC,  1993a:8). 
Furthermore,  AFMC  generates  approximately  80%  of  the  total 
amount  of  hazardous  waste  generated  by  the  Air  Force 
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(Annamraju,  1993).  In  1992,  the  five  Air  Logistic  Centers 
(ALCs)  within  AFMC  produced  approximately  95%  of  the 
hazardous  wastes  generated  by  AFMC  as  a  whole.  Therefore, 
those  five  locations  manage  76%  of  the  total  hazardous  waste 
generated  by  the  Air  Force.  Given  the  enormous  contribution 
of  these  installations  to  the  hazardous  waste  generated  by 
the  Air  Force,  limiting  the  study  to  only  these  depot 
maintenance  bases  will  focus  on  the  entities  which  have  the 
greatest  potential  for  pollution  reduction.  Also,  the  ALCs 
perform  large  scale  industrial  operations  that  are 
comparable  to  a  private  sector  industrial  firm.  The 
alternative  methods  of  measuring  pollution  prevention 
progress  investigated  were  developed  primarily  for  large 
scale  industrial  type  operations. 

This  research  analyzed  the  relationship  between  the 
hazardous  waste  disposal  data  from  1985  to  1993  to  various 
measures  of  activity  at  the  AFMC  bases  that  perform  depot 
level  maintenance  on  aircraft,  aircraft  engines, 
exchangeable  aircraft  parts,  and  missiles.  This  research 
will  determine  if  there  is  a  significant  relationship 
between  the  activity  levels  at  the  five  ALCs,  as  well  as  the 
Aerospace  Guidance  and  Meteorology  Center  (AGMC) ,  and  the 
amount  of  hazardous  waste  disposed  of  by  those  locations. 
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The  Air  Force  goal  is  for  each  base  to  reduce  its 
hazardous  waste  disposal  fifty  percent  by  CY1999  from  the 
CY1992  baseline  (Department  of  the  Air  Force,  1993:5).  Due 
to  changes  in  activity  levels  at  the  bases,  this  method  of 
assessing  waste  reduction  progress  may  not  reflect  true 
waste  reduction  efforts.  For  example,  assuming  that  no 
pollution  prevention  efforts  were  pursued,  significant 
reductions  in  aircraft  maintenance  activity  logically  would 
result  in  reduced  amounts  of  HW  requiring  disposal,  but  this 
reduction  would  not  be  the  result  of  any  pollution 
prevention  activities.  Conversely,  an  increase  in  HW 
disposal  at  a  base  may  in  fact  be  due  to  increased  aircraft 
maintenance  activity.  The  object  of  the  metric  is  not  to 
simply  assess  a  change  in  hazardous  waste  disposal,  but  to 
assess  the  effectiveness  of  pollution  prevention  efforts. 

Fortunately,  this  problem  can  be  avoided  by  using  an 
alternative  method  of  measuring  waste  reduction  progress. 

For  example,  changes  in  HW  disposal  resulting  from  changes 
in  production  are  removed  from  the  measurement  when  the 
activity  indexing  method  is  applied  (Baker  et.  al.,  1991:5- 
6)  . 

Table  1  is  a  hypothetical  presentation  of  the  yearly 
amount  of  hazardous  waste  disposal  and  the  amount  of  man¬ 
hours  for  a  given  process  that  generates  hazardous  waste. 
From  the  table,  it  can  be  calculated  that  there  was  a  ten 


percent  decrease  in  hazardous  waste  disposal  in  1992  from 
the  1987  level.  However,  there  was  also  a  fifty  percent 
decrease  in  man-hours  in  1992  from  1987.  Logically,  if  all 
other  parameters  remained  the  same,  there  should  have  been 
fifty  percent  less  (500  tons)  hazardous  waste  disposed  of  in 
1992.  Given  that  there  should  have  been  fifty  percent  less 
waste,  there  was  actually  an  eighty  percent  increase  in  1992 
from  the  500  tons  that  was  expected  based  on  the  decreased 
level  of  production.  This  example  illustrates  how  measuring 
the  percentage  reduction  without  accounting  for  the  changes 
in  activity  can  confound  the  measurement  and  indicate 
progress  that  is  not  the  result  of  pollution  prevention 
efforts . 


TABLE  1.  HAZARDOUS  WASTE  DISPOSAL  AND  MAN-HOURS  FROM  A 

HYPOTHETICAL  PROCESS 


YEAR 

HW  DISPOSAL  (tons) 

MAN-HOURS  (000s) 

1987 

1000 

10000 

1992 

900 

5000 

Hatfield  and  Ott  examined  the  current  legislation 
regarding  the  measurement  of  source  reduction  and  came  to 
the  following  conclusion:  "Although  many  federal  and  state 
laws  require  that  source  reduction  be  documented,  many  of 
these  laws  do  not  explicitly  state  how  to  quantify  source 
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reduction"  (Hatfield  and  Ott,  1993:7).  They  indicate  that 
accurate  quantification  is  further  confounded  by  changes  in 
production  levels,  regulations,  and  enforcement  policies. 

Moreover,  in  a  study  conducted  by  Bower  and  Jacobson, 
defense  contractors  and  other  corporations  were  interviewed 
concerning  their  methods  of  tracking  waste  reduction 
progress  (Bower  and  Jacobson,  1993:192).  The  responses 
indicated  that  no  firms  used  "...any  sophisticated 
measurement  systems  to  quantify  progress,"  and  that  most 
firms  used  measures  of  total  waste  reduction  that  were 
strictly  in  terms  of  volume  or  weight  changes,  without 
regard  to  changes  in  production  levels. 

In  contrast,  the  EPA's  guidance  on  what  constitutes  a 
waste  minimization  program  strongly  suggests  that  adjusting 
the  measurement  of  waste  reduction  progress  to  account  for 
changes  in  production  levels  is  preferable  if  there  is  a 
strong  correlation  between  waste  quantity  and  production 
(Federal  Register,  1993:31117). 

The  above  references  indicate  that  adjusting  for 
changes  in  production  levels  is  a  valid  and  encouraged 
technique  for  measuring  waste  reduction  progress. 

Thesis  Organization 

This  thesis  is  divided  into  five  chapters.  Chapter  I 
provides  a  brief  overview  of  the  problem,  research  purpose 
and  scope,  as  well  as  the  need  for  the  research  effort. 
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Chapter  II  discusses  the  history  and  development  of  the 
pollution  prevention  concept,  and  describes  in  detail  the 
alternative  methods  of  measuring  hazardous  waste  reduction 
progress.  It  addresses  the  pertinent  regulations,  the 
history  of  pollution  prevention  efforts  in  the  Air  Force, 
and  how  pollution  prevention  progress  is  currently  measured. 
Chapter  III  explains  the  research  methodology  used  to  answer 
the  research  questions.  Chapter  IV  presents  and  discusses 
the  results  of  the  data  analysis  using  the  methods  described 
in  Chapter  III.  The  conclusions  drawn  from  the  research 
effort  and  suggestions  for  further  study  are  discussed  in 
Chapter  V.  An  appendix  including  the  raw  data  is  included 
for  reference  purposes. 
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II.,  Literature  Review 


Pollution  Prevention  Related  Terms  and  Definitions 

Pollution  Prevention.  Pollution  prevention  focuses  on 

reducing  or  eliminating  pollution  at  its  source  rather  than 

treating  the  waste  in  some  manner  after  it  has  been 

generated.  Pollution  prevention  is  defined  as: 

The  use  of  materials,  processes,  or  practices  that 
reduce  or  eliminate  the  creation  of  pollutants  or 
wastes  at  the  source.  It  includes  practices  that 
reduce  the  use  of  hazardous  materials,  energy,  water, 
or  other  natural  resources,  and  practices  that  protect 
natural  resources  through  conservation  and  more 
efficient  use.  (Freeman  et  al.,  1992:619) 

Pollution  prevention  efforts  include  actions  such  as  process 

changes  and  raw  material  substitutions. 


Source  Reduction.  The  term  source  reduction  refers  to 

actions  that  reduce  a  waste  stream  at  the  source  prior  to 

its  generation.  EPA  defines  source  reduction  to  include: 

Any  practice  which  (i)  reduces  the  amount  of  any 
hazardous  substance,  pollutant,  or  contaminant  entering 
any  waste  stream  or  otherwise  released  into  the 
environment  (including  fugitive  emissions)  prior  to 
recycling,  treatment,  or  disposal;  and 
(ii)  Reduces  the  hazards  to  public  health  and  the 
environment  associated  with  the  release  of  such 
substances,  pollutants,  or  contaminants.  (Federal 
Register,  1993:31115). 

Source  reduction  includes:  modifications  to  equipment, 
processes,  procedures,  or  technology;  product  redesign  or 
reformulation;  raw  material  substitution;  and  improvements 
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in  housekeeping,  maintenance,  training,  or  inventory  control 
(Federal  Register,  1993:31115). 

Hierarchy  of  Pollution  Prevention.  The  EPA's  hierarchy 
of  preferred  approaches  to  pollution  prevention  as  outlined 
in  the  Pollution  Prevention  Act  of  1990  can  be  described  as 
follows  (United  States  Congress,  1990:3): 

1.  Prevent  or  reduce  pollutants  at  the  source  whenever 
feasible . 

2.  If  source  reduction  is  not  practical,  recycle  the 
pollutant  in  an  environmentally  safe  manner. 

3 .  Treat  the  pollutant  in  an  environmentally  safe 
manner . 

4.  Finally,  as  a  last  resort,  dispose  of  the  pollutant 
in  an  environmentally  safe  manner. 

As  can  be  seen  from  the  order  of  preference,  it  was 
Congress's  intention  that  source  reduction  be  pursued  to  the 
greatest  extent  possible,  with  recycling  as  the  second 
alternative  of  choice. 

Waste  Minimization.  Waste  minimization  carries  a 
different  meaning  by  including  not  only  source  reduction, 
but  environmentally  sound  recycling  as  well  (Federal 
Register,  1993:31115).  Freeman  and  others  describe  the  term 
waste  minimization  in  their  Critical  Review  of  Industrial 
Pollution  Prevention  as  including  any  source  reduction  or 
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recycling  activity  performed  by  the  generator  of  a  waste 
that  results  in  a  reduction  of  total  volume  or  toxicity  of 
that  waste  (Freeman  et  al .  ,  1992:619).  Waste  minimization 
is  defined  as  "the  reduction,  to  the  extent  feasible,  of 
hazardous  waste  that  is  generated  or  subsequently  treated, 
stored,  or  disposed  (Freeman  et  al . ,  1992:619). 

The  EPA  provides  several  examples  of  actions  which  are 
not  considered  waste  minimization  in  their  Guidance  to 
Hazardous  Waste  Generators  on  the  Elements  of  a  Waste 
Minimization  Program  (Federal  Register,  1993:31115).  For 
example,  the  use  of  an  air  stripper  to  evaporate  volatile 
organic  compounds  from  wastewater  is  not  waste  minimization 
because  the  hazardous  material  is  only  transferred  from  one 
environmental  media  to  another.  Additionally,  actions  which 
reduce  waste  volume  do  not  constitute  waste  minimization 
unless,  concentrating  the  waste  is  necessary  in  order  to 
recover  a  "useful  constituent  prior  to  treatment  and 
disposal."  Additionally,  dilution  to  avoid  classification 
as  a  hazardous  waste  is  not  considered  waste  minimization, 
unless  it  is  necessary  in  order  for  recycling  or  the 
recovery  of  a  useful  product.  By  excluding  these  actions 
from  waste  minimization,  the  EPA  is  trying  to  reduce  the 
potential  transfers  of  hazardous  wastes  to  other 
environmental  media. 
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Historical  Overview  of  the  Development  of  Pollution 
Prevention 

The  number  and  complexity  of  federal  and  state 
environmentally  related  regulations  continues  to  increase. 

In  1985,  there  were  approximately  7,000  pages  of  federal 
environmental  laws  and  regulations.  By  1988,  this  number 
had  grown  to  10,000  pages  (Freeman  et  al . ,  1992:622).  The 
sheer  number  of  applicable  statutes  makes  compliance  with 
the  laws  and  associated  regulations  difficult  for  private 
industry,  as  well  as  the  government  itself. 

The  regulation  of  hazardous  wastes  essentially  began 
with  the  Resource  Conservation  and  Recovery  Act  (RCRA)  of 
1976.  This  act  addressed  the  generation,  storage, 
transportation,  treatment,  and  disposal  of  hazardous  wastes, 
but  did  not  encourage  or  mandate  hazardous  waste  reduction 
(Masters,  1991:185).  This  Act  has  its  origins  in  the  1965 
Solid  Waste  Disposal  Act  and  the  1970  Resource  Recovery  Act. 

RCRA  was  amended  in  1984  by  the  Hazardous  and  Solid 
Waste  Amendments  (HSWA) .  HSWA  established  the  requirement 
for  a  generator  of  hazardous  waste  to  establish  a  waste 
minimization  program  to  reduce  the  amount  of  waste 
generated.  In  HSWA,  Congress  declares,  "The  elimination  or 
reduction  of  hazardous  wastes  at  the  source  should  take 
priority  over  the  management  of  hazardous  wastes"  (Federal 
Register,  1993:31114).  It  is  in  this  document  that  the 
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concept  of  the  pollution  prevention  is  first  established. 

Section  1003  (b)  of  RCRA  states: 

It  is  to  be  the  policy  of  the  United  States  that, 
whenever  feasible,  the  generation  of  hazardous  waste  is 
to  be  reduced  or  eliminated  as  expeditiously  as 
possible.  Waste  that  is  nevertheless  generated  should 
be  treated,  stored,  or  disposed  of  so  as  to  minimize 
the  present  and  future  threat  to  human  health  and  the 
environment.  (Federal  Register,  1993:31115) 

The  law  requires  that  all  generators  of  hazardous 
wastes  certify  on  their  waste  shipment  manifests  that  they 
have  a  waste  minimization  program  in  place.  In  addition  to 
the  manifest  certification  requirement,  HSWA  requires  that 
large  quantity  generators  and  owners  and  operators  of 
treatment  storage  and  disposal  facilities  file  a  biennial 
report  to  the  EPA.  This  report  compares  the  quantities  and 
types  of  hazardous  wastes  generated  during  the  reporting 
period  to  the  previous  period,  and  outlines  efforts  to 
reduce  the  volume  and  toxicity  of  wastes  (Theodore  and 
McGuinn,  1992:110).  This  portion  of  the  law  had  little 
effect  on  overall  waste  generation  levels  because  no 
specific  goals  were  established  and  enforcement  of  the  waste 
minimization  requirement  was  difficult. 

The  EPA's  Science  and  Advisory  Council  noted  in  a  1988 
document  that  many  of  the  most  serious  problems  facing  the 
environment  today  cannot  be  solved  through  the 
implementation  of  end-of-pipe  controls  and  that  the  EPA 
should  shift  its  emphasis  towards  preventing  pollution  at 
its  source  (Freeman  et  al . ,  1992,  618).  Bush  identifies 
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several  reasons  for  the  emergence  of  the  pollution 
prevention  concept  in  a  1992  article  titled  Measuring 
Pollution  Prevention  Progress :  How  Do  We  Get  There  from 
Here?  (Bush,  1992:431).  She  describes  several  realizations 
by  the  government  and  industry  that  lead  to  the  evolution  of 
pollution  prevention.  First,  there  was  a  realization  of  the 
technical  limitations  of  the  end-of-pipe  regulation  of 
environmental  problems,  coupled  with  the  rising  costs  of 
treatment  and  disposal.  Second,  there  was  the  realization 
that  pollutants  were  often  merely  shifted  from  one 
environmental  media  to  another  under  the  end-of-pipe 
approach.  Third,  the  1984  HSWA  established  the  regulatory 
concept  of  waste  minimization.  Fourth,  the  potentially 
large  costs  associated  with  the  cleanup  of  past  hazardous 
waste  sites  makes  pollution  prevention  an  economically 
attractive  option  to  waste  generation  in  r~ost  cases. 

As  a  result,  the  Pollution  Prevention  Act  (PPA)  of 
1990  requires  that  pollution  prevention  be  national  policy. 
This  law  also  instituted  the  EPA's  Office  of  Pollution 
Prevention  to  carry  out  the  functions  required  by  the  act 
(Theodore  and  McGuinn,  1992:110).  To  date,  no  specific  EPA 
regulations  have  been  promulgated  concerning  the  Pollution 
Prevention  Act  of  1990;  however,  the  Act  establishes  the 
pollution  prevention  hierarchy  and  requires  that  facilities 
who  report  Toxic  Release  Inventory  data  pursuant  to  Section 
313  of  the  Superfund  Amendments  Reauthorization  Act  to  also 
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provide  information  on  pollution  prevention  activities  in 
those  reports . 

Because  the  purpose  of  pollution  prevention  is  to 
reduce  or  eliminate  pollution  generation  at  the  source,  it 
is  in  contrast  to  historical  end-of-pipe  or  top-of -stack 
controls  previously  promulgated  by  the  EPA.  These  end-of- 
pipe  control  measures  may  be  reaching  the  technological 
limits  of  their  effectiveness  at  reducing  pollution  in  many 
areas  of  environmental  concern.  The  gross  problems,  such  as 
the  pollution  of  Lake  Erie,  have  been  addressed  through  end- 
of-pipe  controls;  however,  there  is  still  much  improvement 
which  can  be  achieved  through  pollution  prevention.  For 
example,  an  air  pollution  control  device  used  to  control 
volatile  emissions  from  a  degreasing  process  is  capable  of 
controlling  only  a  finite  percentage  (i.e.  99%)  of  those 
emissions.  The  only  way  to  reduce  or  eliminate  the 
remaining  one  percent  of  those  emissions  is  to  reduce  or 
eliminate  the  use  of  the  volatile  compound  used  in  the 
degreasing  process.  This  can  be  done  by  substituting  an 
aqueous  based  degreaser  for  the  volatile  degreaser. 

In  addition  to  the  federal  regulations,  many  states 
have  passed  laws  requiring  industry  to  reduce  hazardous 
waste  generation.  More  than  15  states  have  established  laws 
that  require  industry  to  prepare  written  pollution 
prevention  plans  (Hatfield  and  Ott,  1993:7).  California 
was  one  of  the  first  states  to  mandate  such  actions.  Its 
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law,  the  Hazardous  Waste  Source  Reduction  Act,  requires 
generators  in  California  to  reduce  hazardous  and  non- 
hazardous  wastes  25  percent  by  1995  and  50  percent  by  2000 
from  1990  levels  (AFCEE ,  1993:151). 

Benefits  of  Pollution  Prevention 

An  effective  pollution  prevention  program  provides  many 
benefits  to  the  participating  organization,  its  employees, 
and  society  as  a  whole.  EPA's  Facility  Pollution  Prevention 
Guide  describes  these  benefits  as  reduced  risk  of  criminal 
and  civil  liabilities,  as  well  as  toxic  tort  cases;  reduced 
operating  and  waste  disposal  costs;  improved  employee 
morale;  enhanced  corporate  public  image;  and  protection  of 
human  health  and  the  environment  {USEPA,  1992:1-4). 

Pollution  prevention  reduces  the  use  of  hazardous 
substances.  As  a  result,  a  generator  avoids  regulation  of 
those  substances  by  federal  and  state  hazardous  waste 
regulations;  therefore  waste  disposed  of  is  not  subject  to 
potential  costly  cleanup  actions  under  RCRA  and  CERCLA. 
Additionally,  by  avoiding  the  handling,  transportation,  and 
disposal  of  a  hazardous  waste,  a  generator  avoids  potential 
lawsuits  resulting  from  transportation  mishaps,  as  well  as 
the  costs  associated  with  transporting  and  disposing  of  the 
waste  as  hazardous  waste  versus  solid  waste.  Furthermore, 
by  not  using  a  hazardous  substance  during  production,  the 
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generator  avoids  workers'  compensation  costs  and  the  risks 
associated  with  employee  exposure  to  those  chemicals. 

Air  Force  Goals 

Air  Force  Policy  (AFP)  Directive  19-4  establishes 
specific  goals  for  pollution  prevention  in  the  Air  Force  and 
outlines  metrics  to  measure  progress  toward  those  goals 
(Department  of  the  Air  Force,  1992:1-3).  This  policy 
establishes  the  requirement  to  prevent  at  the  source,  to  the 
greatest  extent  possible,  environmentally  harmful  discharges 
to  the  air,  land,  surface  water,  and  ground  water.  It 
encourages  recycling  and  the  use  of  non- hazardous  product 
substitution  whenever  possible.  It  also  requires  the 
reduction  of  hazardous  and  municipal  solid  waste  disposal, 
and  the  proactive  procurement  of  recycled  products. 

The  three  main  areas  that  are  assessed  by  the  pollution 
prevention  metrics  described  in  AFP  19-4  include:  hazardous 
substance  usage,  waste  releases  to  the  environment,  and  the 
acquisition  of  recycled  products.  Included  in  the  hazardous 
substance  usage  category  are  the  sub- categories  of  ozone 
depleting  compound  (ODC)  use,  the  EPA's  17  Industrial  Toxics 
Project  ( ITP)  substance  use,  and  the  EPA's  Toxic  Release 
Inventory  (TRI)  substance  use.  Included  in  the  waste 
releases  category  are  the  sub-categories  of  hazardous  waste 
disposal,  municipal  solid  waste  disposal,  air  pollutant 
emissions,  and  water  pollutant  releases  (Department  of  the 
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Air  Force,  1992:1-3).  The  metric  that  this  research  focuses 
on  is  the  hazardous  waste  disposal  metric. 

Current  Air  Force  Hazardous  Waste  Disposal  Metric 

Compliance  with  the  directive  to  reduce  hazardous  waste 
disposal  is  currently  assessed  by  measuring  the  percent 
reduction  (based  on  weight)  of  off-site  hazardous  waste 
disposal  from  the  calendar  year  (CY)  1992  baseline  quantity 
(Department  of  the  Air  Force,  1993:5).  Specific  goals  are 
to  reduce  off -site  hazardous  waste  disposal  by  25%  from  the 
CY1992  baseline  by  1996  and  a  50%  reduction  from  the  CY  1992 
baseline  by  1999.  Prior  to  AFP  19-4,  AFMC  had  established 
similar  goals  for  the  reduction  of  hazardous  waste  disposal . 
Specifically,  the  AFMC  goal  was  to  reduce  off-site  hazardous 
waste  disposal  by  50  percent  from  the  CY1987  baseline  by 
CY1992 . 

AEMC  Mission  and . Locations 

The  mission  of  the  Air  Force  Materiel  Command  is  to 
provide  a  " cradle -to-grave"  management  of  the  Air  Force's 
weapons  systems  and  is  referred  to  as  Integrated  Weapon 
System  Management  (AFMC,  1993b: 4) .  AFMC  resulted  from  the 
merger  of  the  Air  Force  Logistics  Command  with  the  Air  Force 
Systems  Command  on  1  July  1992  (AFMC,  1993b:  ii) .  The 
command,  headquartered  at  Wright -Patterson  Air  Force  Base, 
is  the  primary  organization  responsible  for  managing  all 
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aspects  of  a  weapons  system  throughout  its  lifetime, 
including  its  initial  design,  operational  maintenance  and 
support,  and  decommission  and  disposal.  Additionally,  the 
command  provides  support  for  all  Air  National  Guard  and  US 
Air  Force  Reserve  activities,  and  provides  support  for  other 
US  and  Allied  military  forces  and  the  National  Aeronautics 
and  Space  Administration  (1992  Annual  Report,  i) . 

The  role  of  the  five  ALCs  along  with  the  AGMC  is  to 
provide  the  necessary  logistics  management  to  keep  the  Air 
Force's  aircraft,  missiles,  and  support  equipment  in  proper 
operating  condition  (1992  Annual  Report,  i) .  The  five  ALCs 
are  located  at  Tinker  Air  Force  Base  (AFB) ,  Oklahoma;  Hill 
AFB,  Utah;  Kelly  AFB,  Texas;  McClellan  AFB,  California;  and 
Robins  AFB,  Georgia.  These  centers  are  also  known  as 
Oklahoma  City  ALC  (OC-ALC) ,  Ogden  ALC  (OO-ALC) ,  San  Antonio 
ALC  (SA-ALC) ,  Sacramento  ALC  (SM-ALC) ,  and  Warner-Robins  ALC 
(WR-ALC) ,  respectively.  The  AGMC  is  located  at  Newark  AFB 
in  Newark,  Ohio. 

Alternative  Methods  of  Measuring  Waste  Reduction  Progress 

There  are  several  established  alternative  methods  for 
measuring  waste  reduction  progress.  The  most  commonly  used 
methods  include:  actual  quantity  change  (the  current  Air 
Force  method) ,  adjusted  quantity  change  (activity  indexing) , 
and  throughput  ratio.  All  of  these  commonly  used 
alternative  methods  make  certain  assumptions  that  affect 
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their  accuracy  under  various  circumstances  (Baker  et  al .  , 
1991:11-15) . 

The  throughput  ratio,  which  is  a  measure  of  how 
efficiently  materials  are  used  in  a  process,  was  not 
investigated  in  this  research  due  to  the  lack  of  readily 
accessible  and  consistent  historical  hazardous  material 
usage  data.  The  throughput  ratio  equals  the  amount  of  a 
chemical  used  as  raw  material  in  a  process  divided  by  the 
amount  of  that  chemical  generated  as  hazardous  waste  (Baker 
et .  al . ,  1991:15).  This  measure  involves  materials 
accounting  and  mass  balances  in  a  process  to  determine  the 
efficiency  of  material  usage.  In  order  to  use  this  measure, 
micro-level,  process  specific  hazardous  material  usage  and 
hazardous  waste  disposal  data  would  have  been  required. 

As  another  potential  alternative  method  of  measuring 
pollution  prevention  progress,  the  author  of  this  thesis 
investigated  the  use  of  least  squares  curve  fitting  to 
arrive  at  a  regression  equation  to  predict  the  amount  of 
hazardous  waste  disposal.  The  difference  between  the  actual 
observed  amount  and  the  predicted  amount  of  hazardous  waste 
disposal  was  the  measure  of  pollution  prevention  progress. 

Each  of  the  alternative  methods  investigated  in  this 
research  are  described  below. 

Actual  Quantity  Change.  The  actual  quantity  change  is 
simply  the  amount  of  waste  disposed  of  in  the  current  year 
minus  the  amount  of  waste  disposed  of  in  the  baseline  year 
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(Baker  et .  al . ,  1991:5).  The  actual  quantity  change  was 
converted  to  a  percent  change  from  the  baseline  year  in 
order  to  be  consistent  with  the  current  Air  Force  method. 


4  Current  Quantity  -  Baseline  Quantity 

Actual  Quantity  Change  = - - - - - - - -  *  100 

Baseline  Quantity 

As  an  example  of  the  actual  quantity  change  method, 
consider  the  data  shown  in  Table  2  for  a  hypothetical  ALC. 
Seven-hundred  and  twenty  tons  of  hazardous  waste  were 
disposed  of  in  1992,  compared  to  1180  tons  in  1987.  Thus, 
the  resulting  percent  change  from  the  1987  baseline  was  -39% 
as  demonstrated  by  the  calculation  below.  The  column 
labeled  DPAHs  in  the  table  refers  to  the  number  of  direct 
product  actual  hours .  DPAHs  is  a  measure  of  the  total 
number  man-hours  dedicated  to  aircraft  related  maintenance. 

(720-1 180)  MQQ  _  _39% 

1180 


TABLE  2 

HAZARDOUS  WASTE  AND  DPAHs  DATA  FOR  A  HYPOTHETICAL  ALC 


YEAR 

HAZARDOUS  WASTE 
DISPOSAL  (tons) 

DPAHs  (000s) 

1985 

1390 

6500 

1986 

1310 

6020 

1987 

1180 

5500 

1988 

990 

4900 

1989 

900 

4000 

1985-89  AVG. 

1154 

5384 

1992 

720 

3650 
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This  actual  quantity  change  method  does  not  consider 
the  difficulty  in  implementing  a  given  source  reduction 
activity,  changes  in  production  efficiency  or  levels,  or 
reductions  in  toxicity  (Baker  et  al.,  1991:5).  As  a 
result,  this  method  overstates  pollution  prevention  progress 
if  production  levels  decrease,  and  understates  pollution 
prevention  progress  when  production  levels  increase. 

The  advantage  of  using  this  method  is  that  it  is  simple 
to  calculate.  The  disadvantages  of  this  method  is  that  it 
does  not  provide  information  on  what  portion  of  the  change 
is  attributable  to  pollution  prevention  and  waste 
minimization  activities. 

Activity  Indexing  Method.  The  activity  indexing 
method,  or  adjusted  quantity  change,  accounts  for  changes  in 
waste  generation  that  result  from  changes  in  activity  (Baker 
et .  al . ,  1991:5).  As  the  name  suggests,  the  ratio  of  the 
activity  levels  for  the  years  of  interest  are  used  to 
establish  the  index.  In  order  to  calculate  the  adjusted 
quantity  change,  the  previous  year's  quantity  of  waste  is 
multiplied  by  an  activity  index  to  obtain  an  predicted 
quantity  of  waste  for  the  baseline  year.  The  activity  index 
is  the  ratio  of  production  levels  between  the  current  year 
and  the  previous  or  baseline  year.  Again,  the  measure  was 
converted  to  a  percent  change  in  order  to  maintain 
consistency  for  comparison  purposes. 
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,  .  .  T  ,  Activity  Level  Current  Year 

Activity  Index  =  - - - 

Activity  Level  Baseline  Year 

Adjusted  Quantity  Change  =  (Cutient  Quuutity  -  (gusej^  Qu^.AetjujtyMex)  , 

Baseline  Quantity* Activity  Index 

The  data  from  Table  2  is  again  used  to  demonstrate  this 
method  of  assessing  waste  reduction  progress.  DPAHs  at  the 
hypothetical  ALC  were  5,500,000  and  3,650,000  in  1987  and 
1992,  respectively.  Applying  the  activity  index  equation 
results  in  an  activity  index  of  0.66.  The  predicted  amount 
of  hazardous  waste  which  should  have  been  disposed  of  in 
1992  given  that  no  pollution  prevention  actions  were 
implemented  is  779  tons  which  is  obtained  by  multiplying  the 
activity  index  by  the  1987  amount  of  hazardous  waste 
disposal  (1180  tons) .  The  percent  change  using  this  method 
was  -7.6  percent,  which  is  calculated  by  applying  the 
adjusted  quantity  change  equation  as  demonstrated  below: 

mzim,  wo =-7.6% 

779 

This  value  indicates  that  the  reduction  in  HW  disposal  due 
to  pollution  prevention  efforts  in  1992  from  1987  was 
approximately  8  percent.  The  31  percent  difference  from  the 
actual  quantity  change  method  is  attributable  to  the 
reduction  in  aircraft  related  maintenance  activity.  Of 
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course,  this  assumes  that  the  ratio  of  HW  disposal  to  DPAHs 
is  representative  of  the  relationship  between  the  two 
variables  prior  to  pollution  prevention's  implementation. 

The  activity  indexing  method  can  also  be  applied  by 
establishing  the  baseline  quantity  as  the  average  amount  of 
hazardous  waste  disposal  for  a  given  number  of  years .  The 
activity  index  is  similarly  calculated  as  the  activity  level 
for  the  year  of  interest  divided  by  the  average  level  of 
activity  for  the  same  number  of  years  that  the  baseline 
quantity  is  averaged  over.  For  example,  the  average  DPAHs 
and  hazardous  waste  disposal  for  the  period  1985  to  1989  at 
the  hypothetical  ALC  were  5,384,000  and  1154  tons, 
respectively.  Hence,  the  activity  index  was  0.68 
(3,650,000/5,384,000)  and  the  predicted  amount  of  hazardous 
waste  disposal  for  1992  was  785  tons  (0.68*1154).  The 
resulting  percent  change  using  this  method  was  -8.3  percent 
as  demonstrated  in  the  calculation  below. 

g” -213. 100- -8.3* 

785 

The  activity  indexing  method  of  assessing  waste 
reduction  progress  assumes:  waste  generation  and  the 
activity  level  are  linearly  related,  no  fixed  quantities  of 
waste  are  generated  independently  of  activity  levels,  no 
factors  other  than  the  activity  level  and  waste  reduction 
efforts  affect  the  quantity  of  waste  generated,  and  the 
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measure  of  activity  and  waste  disposal  is  consistent  over 
time  (Baker  et  al .  ,  1991:5-6). 

The  assumption  that  hazardous  waste  generation  and  the 
activity  levels  are  perfectly  linearly  related  will  almost 
never  be  realized.  This  would  require  a  correlation 
coefficient  of  1.0.  The  closer  the  correlation  coefficient 
is  to  1.0,  the  better  the  method  is  at  determining  the 
effects  of  pollution  prevention  activities. 

The  second  assumption  that  no  quantities  of  waste  are 
generated  independently  of  activity  levels  is  a  reasonable 
assumption  for  the  ALCs.  As  discussed  in  chapter  I,  the 
ALCs  account  for  76  percent  of  the  total  hazardous  waste 
disposal  Air  Force  wide.  Any  hazardous  waste  generated 
independent  of  depot  maintenance  activities  at  an  ALC  is 
dwarfed  in  comparison  to  the  hazardous  waste  generated  by 
the  depot  maintenance  actions.  Furthermore,  the  majority  of 
activity  at  an  ALC  location  is  depot  level  maintenance  or 
activities  that  directly  support  that  function. 

The  third  assumption  that  no  factors  other  than 
activity  levels  and  pollution  prevention  efforts  affect  the 
quantity  of  waste  generation  is  not  always  realized. 

Changes  in  federal  and  state  hazardous  waste  regulations  are 
an  example  of  a  factor  that  could  affect  waste  generation 
and  disposal  independent  of  activity  levels.  For  example, 
the  Toxic  Characteristic  Leaching  Procedure  (TCLP) 
implemented  in  1990  to  determine  if  a  waste  is  hazardous 
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caused  many  waste  streams  that  were  previously  not  regulated 
as  hazardous  to  be  considered  a  hazardous  waste.  This 
assumption  is,  however,  a  necessary  assumption  in  any 
measure  of  waste  reduction  progress. 

The  final  assumption  that  waste  disposal  and  activity 
measures  are  consistent  over  time  is  also  a  necessary 
assumption.  The  data  utilized  in  this  research  is 
consistent  with  respect  to  the  units  and  procedures  used  to 
report  the  data. 

The  advantage  of  using  the  activity  indexing  method  is 
that  it  accounts  for  changes  in  hazardous  waste  disposal 
that  are  attributable  to  changes  in  production  activity. 

The  disadvantages  of  using  this  method  are  that  it  is 
somewhat  more  complicated  to  calculate  and  it  requires  more 
intensive  data  collection. 

Regression  Modeling  Method.  This  technique  allows  for 
the  development  of  a  prediction  of  the  mean  value  of  some 
variable  of  interest  based  on  a  given  value  of  an 
independent  variable.  It  is  important  to  note  that  "no 
matter  how  strong  the  statistical  relationship,  no  cause- 
and-effect  pattern  is  necessarily  implied  by  the  regression 
model"  (Neter  et  al . ,  1989:29).  It  is  logical  however,  in 
this  situation,  to  infer  that  aircraft  related  maintenance, 
such  as  paint  stripping,  painting,  plating,  degreasing, 
etc.,  generates  hazardous  waste  for  disposal.  Thus,  a  cause 
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and  effect  relationship  between  the  two  is  a  reasonable 
inference . 

In  this  case,  hazardous  waste  disposal  is  the  dependent 
variable,  and  the  production  activity  measures  are  the 
independent  variables  for  the  regression  analyses.  The 
model  prediction  is  then  used  to  compute  an  adjusted 
quantity  change  in  a  manner  similar  to  the  activity  indexing 
method. 

The  regression  analysis  yields  an  equation  which  can  be 
used  to  provide  a  prediction  of  the  amount  of  hazardous 
waste  disposal  for  a  known  or  given  level  of  activity.  The 
regression  equation  is  described  as  follows: 

Y  =  Bo  +  Bi*x 


where 

Y  =  dependent  variable  (hazardous  waste  disposal) 

Bq  =  the  y-  intercept 

=  the  slope  of  the  regression  line 
x  =  independent  variable  (level  of  activity) 

The  regression  line  can  also  be  fitted  through  the 
origin.  In  this  case,  the  y- intercept  term  becomes  zero  and 
thus  drops  out  of  the  equation. 

Again,  consider  the  data  from  Table  2  as  an  example  to 
demonstrate  the  least  squares  linear  regression  method.  The 
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data  for  the  years  1985-1989  listed  in  Table  2  was  used  to 
develop  a  regression  equation  which  was  fitted  through  the 
origin.  The  regression  equation  fitted  through  the  origin 
obtained  from  the  data  in  Table  2  for  the  years  1985  to  1989 
is  as  follows: 


HW  =  0.214  *  DPAHs 

A  predicted  value  of  the  hazardous  waste  disposal  for  1992 's 
DPAHs  of  3,650,000  was  then  calculated  by  applying  the 
regression  equation,  resulting  in  a  prediction  of  781  tons 
of  hazardous  waste  for  disposal .  The  percent  change  from 
this  prediction  was: 


(720-781) 

781 


*100  =  -7.8% 


Figure  1  displays  the  scatter  plot  of  the  data  with  the 
regression  line  fitted  through  the  origin  shown  as  a  dashed 
line.  The  coefficient  of  determination,  or  r2,  is  the 
proportion  of  variation  in  the  dependent  variable  (hazardous 
waste  disposal)  that  can  be  explained  by  the  linear 
regression  model  (Devore,  1991:  467-468).  For  instance,  an 
r2  of  0.90  indicates  that  90  percent  of  the  variation  in 
hazardous  waste  disposal  can  be  attributed  to  the 
approximate  linear  relationship  between  hazardous  waste 
disposal  and  DPAHs.  In  the  case  of  the  regression  line 
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fitted  through  the  origin  for  the  hypothetical  ALC,  the 
coefficient  of  determination  was  0.9660.  This  indicates 
that  96  percent  of  the  variation  can  be  attributed  to  the 
approximate  linear  relationship  between  the  two  variables. 


Figure  1.  HW  Disposal  vs.  DPAHs  1985-89  for  a 
Hypothetical  ALC 


The  solid  line  shown  in  Figure  1  represents  the  linear 
regression  line  with  the  y-intercept  fitted.  The  equation 
for  this  line  was: 

HW  =  0.209  *  DPAHs  +  29.3 
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This  line  yielded  an  r2  of  0.9667.  The  regression  line 
with  the  y- intercept  fitted  provided  a  better  fit  to  the 
data  and  it  illustrates  that  there  was  a  baseline  level  of 
hazardous  waste  generated  that  was  not  related  to  DPAHs . 

The  y-intercept  of  29  tons  indicates  that  29  tons  of 
hazardous  waste  would  be  generated  if  no  aircraft 
maintenance  activities  were  performed. 

Additionally,  multi-variable  regression  can  be  used  to 
predict  the  amount  of  hazardous  wastes  disposal  based  on 
several  activity  variables.  As  the  name  implies,  a  multi- 
variable  regression  model  uses  several  independent  or  x 
variables  to  develop  the  regression  equation.  This  method 
provides  a  better  fit  of  the  regression  line;  however,  the 
standard  errors  associated  with  each  of  the  independent 
variables  increases  the  overall  error  associated  with  the 
prediction  of  the  dependent  variable. 

The  advantages  of  using  the  multi-variable  regression 
method  are  that  changes  in  hazardous  waste  disposal  that  are 
attributable  to  changes  in  production  activity  are  accounted 
for,  it  provides  a  measure  of  the  strength  of  the  model 
(coefficient  of  determination) ,  and  it  provides  a  graphical 
presentation  of  the  relationship.  The  disadvantage  of  this 
method  is  that  it  requires  an  understanding  of  regression 
analysis,  as  well  as  the  availability  and  understanding  of 
the  computer  software  used  to  generate  the  analysis. 
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XXL.  Re a ear eh  Methodology 


This  section  of  the  thesis  discusses  the  data 
requirements,  as  well  as  the  methodology  that  will  be  used 
to  answer  the  research  questions  posed  in  Chapter  I. 

The  primary  objective  of  the  research  effort  was  to 
devise  a  method  of  measuring  pollution  prevention  impacts  on 
hazardous  waste  disposal  that  adjusts  for  changing  activity 
levels.  This  was  accomplished  by  comparing  several 
alternative  methods  of  measuring  waste  reduction  progress  at 
the  ALCs  by  analyzing  historical  data.  The  methods  that 
were  compared  include  the  actual  quantity  change,  activity 
indexing,  and  least  squares  regression  modeling.  This 
comparative  analysis  also  provided  the  insight  to  answers  to 
the  other  research  questions.  The  actual  quantity  change 
and  activity  indexing  methods  were  chosen  because  they  are 
commonly  used  measures  of  pollution  prevention 
effectiveness.  The  use  of  least  squares  curve  fitting  of 
historical  data  to  measure  waste  reduction  progress  was  the 
author's  approach  to  solving  the  problem. 

Data  Collection 

This  section  outlines  the  data  collection  activities 
that  occurred  during  the  course  of  the  research  effort.  Due 
to  the  sensitive  nature  of  the  hazardous  waste  disposal 
data,  HQ  AFMC  requested  that  the  identity  of  the  individual 
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bases  involved  in  the  study  not  be  disclosed.  To  maintain 
this  confidentiality,  code  numbers  were  assigned  to  each  of 
the  ALCs  involved  in  the  study.  The  code  numbers  assigned 
to  the  individual  locations  were  recorded  by  the  author,  but 
do  not  appear  in  this  text.  For  the  purposes  of  the 
analysis,  AGMC  was  treated  the  same  as  an  ALC  location  and 
was  assigned  one  of  the  ALC  codes.  Thus,  the  six  locations 
were  coded  ALCs  1-6. 

Hazardous  Waste  Disposal  Data.  AFMC's  Environmental 
Management  Division  (HQ  AFMC/CEV)  provided  data  on  the 
amount  of  hazardous  waste  generated  at  the  individual  ALCs 
from  1985  to  1993.  This  data  is  expressed  as  tons  of 
hazardous  waste  generated  or  disposed  of  for  any  given  year. 
This  hazardous  waste  data  was  provided  for  CY  1985  to  CY 
1992  and  quarterly  for  CY  1993.  This  hazardous  waste 
disposal  data  is  presented  in  appendix  A  for  reference 
purposes . 

Production  Activity  Data.  HQ  AFMC  Directorate  of 
Logistics  furnished  information  concerning  the  levels  of 
aircraft  related  maintenance  performed  at  the  five  ALC's  and 
AGMC.  Numerous  measures  of  maintenance  activity  were 
readily  available  including:  Direct  Product  Actual  Hours 
(DPAHs) ,  and  the  number  of  aircraft,  engines,  exchangeable 
aircraft  components  (exchangeables) ,  and  missiles  serviced 
during  a  given  year  at  the  individual  ALCs.  DPAHs  were  also 
provided  on  a  quarterly  reporting  basis  for  the  fiscal  year 


33 


1993.  DPAHs  are  an  indication  of  the  number  of  man-hours 
dedicated  to  aircraft  maintenance  at  a  given  ALC.  This  data 
is  also  presented  in  Appendix  A  for  reference  purposes. 

This  aircraft  related  maintenance  activity  data  was 
collected  and  reported  in  terms  of  fiscal  years.  As  a 
result,  there  was  a  lag  of  ninety  days  built  into  the  data 
set .  This  takes  into  account  the  fact  that  waste  generated 
by  activity  on  a  given  date  has  ninety  days  to  be 
transferred  from  a  HW  accumulation  point  to  the  hazardous 
waste  storage  facility  prior  to  off -site  disposal. 

Another  potential  contributor  to  the  overall  amount  of 
hazardous  waste  generated  may  be  the  number  of  active  CERCLA 
removal  and  remedial  actions  at  a  given  base  during  a  year. 
Oftentimes,  actions  taken  under  the  IRP  (Installation 
Restoration  Program)  result  in  the  generation  of  large 
quantities  of  hazardous  wastes  requiring  treatment  and 
disposal.  Although  HQ  AFMC/CEV  provided  historical  data 
concerning  the  number  of  such  actions  taking  place  from  1985 
to  1993,  it  was  later  indicated  that  waste  associated  with 
IRP  sites  is  not  included  in  the  hazardous  waste  disposal 
numbers  provided.  As  a  result,  IRP  activities  were  not 
considered  in  this  research. 

Analytical  Tools 

Correlation .  The  sample  correlation  coefficient  (r)  is 
a  measure  of  how  strongly  related  two  variables  are  in  a 
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given  sample  (Devore,  1991:487).  If  large  values  of  one 
variable  is  related  to  large  values  of  the  other  variable, 
the  r-value  will  be  positive.  Conversely,  if  large  values 
of  one  variable  are  paired  with  small  values  of  the  second 
variable,  the  r-value  will  be  negative.  The  value  of  r  will 
always  lie  between  -1  and  1  depending  on  how  strong  the  two 
variables  are  associated  with  one  another,  and  whether  the 
relationship  is  positive  or  negative  (Devore,  1991:488). 
Correlation  between  two  variables  can  be  described  as  being 
strong,  moderate,  or  weak  depending  on  the  magnitude  of  r. 
Devore  states  that  "A  reasonable  rule  of  thumb  is  to  say 
that  the  correlation  is  weak  if  0  <  |r|  <  .5,  strong  if  .8  < 

I r |  <  1,  and  moderate  otherwise”  (Devore,  1991:  489).  This 
criteria  will  be  used  to  describe  the  strength  of  the 
association  between  the  various  activity  levels  and  the 
amount  of  hazardous  waste  disposal . 

Box  and  Whisker  Plot.  The  box  and  whisker  plot 
provides  a  convenient  graphical  means  to  compare  the 
variability  and  central  tendencies  of  two  or  more  data  sets. 
From  the  box  plot,  a  data  set's  median,  spread,  skew,  and 
any  outliers  can  be  readily  identified  (Devore,  1991:27-28). 
The  structure  of  the  box  and  whisker  plot  output  from  the 
analytical  software  Statistix  is  described  in  its  users 
manual  (Statistix  1992:96-97).  It  describes  the  box  plot  as 
consisting  of  a  box  around  the  middle  half  of  the  data 
(between  the  first  and  third  quart iles) ,  with  a  line  located 
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through  the  box  at  the  median  value.  Quartiles  separate  a 
data  set  into  fourths  by  rank  order,  with  the  second 
quartile  being  equal  to  the  median  value,  and  the  first 
quartile  separating  the  lower  25  percent  of  the  data  from 
the  upper  75%  (Devore,  1991:18).  The  two  lines  at  the  top 
and  bottom  of  the  box  are  known  as  the  whiskers.  The 
whiskers  are  determined  by  calculating  the  fourth  spread  of 
the  data  set.  To  calculate  the  fourth  spread,  the  median  of 
the  lower  half  of  the  data  set  and  the  median  of  the  upper 
half  of  the  data  set  must  be  determined.  The  fourth  spread 
is  defined  as  the  upper  fourth  minus  the  lower  fourth  and  is 
resistant  to  the  presence  of  outliers  (Devore,  1991:28).  An 
outlier  is  defined  by  Devore  as  a  data  point  that  lies 
unusually  far  from  the  main  body  of  the  data  (Devore, 
1991:27).  The  length  of  whiskers  are  defined  as  1.5  times 
the  value  of  the  fourth  spread.  These  whiskers  indicate  the 
range  of  data  values  not  including  any  outliers.  Outliers 
are  indicated  by  a  circle  for  extreme  outliers  and  an 
asterisk  for  mild  outliers.  An  extreme  outlier  falls  more 
than  3  times  the  fourth  spread  from  the  middle  half  of  the 
data.  A  mild  outlier  falls  between  1.5  times  and  3  times 
the  fourth  spread  from  the  middle  half  of  the  data. 

Figure  2  is  a  box  plot  of  the  percent  change  in 
hazardous  waste  disposal  from  the  1987  baseline  for  all  of 
the  ALCs  including  AGMC  for  the  years  1990-92.  Thus,  there 


36 


were  18  observations  in  the  data  set  used  to  create  the  box 
plot . 


Percent  Change 


Figure  2 .  Box  and  Whisker  Plot  of  the  Percent  Change  in 
Hazardous  Waste  Disposal  from  the  1987  Baseline 

The  box  plot  shows  that  the  median  value  is 
approximately  -50%,  and  that  the  middle  50%  of  the  data  is 
slightly  skewed  toward  the  bottom  of  the  plot  because  the 
median  value  is  located  near  the  bottom  of  the  box.  The 
lower  25%  of  the  data  is  not  very  spread  out  as  indicated  by 
the  extremely  small  tail.  The  upper  25%  of  the  data,  on  the 
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other  hand  is  rather  spread  out  as  evidenced  by  the 
relatively  long  tail  and  the  two  probable  outliers 
identified  by  the  two  circles  at  200  and  240. 

General  Methodology 

This  section  outlines  the  methods  that  were  followed  to 
determine  if  there  was  a  statistical  association  between  the 
level  of  the  activity  variables  and  the  amount  of  hazardous 
waste  disposal  at  the  individual  logistic  centers  and  AGMC. 
The  correlation  coefficients  were  calculated  for  the  1985 
through  1989  yearly  data  points.  Each  individual  ALC's 
hazardous  waste  disposal  data  was  correlated  to  each  of  the 
applicable  activity  variables.  Some  of  the  activity 
variables  are  not  applicable  to  certain  ALCs.  For  example 
only  ALC-1  conducts  missile  maintenance,  and  therefore 
missiles  could  not  be  correlated  to  HW  disposal  for 
ALCs  2-6.  Similarly,  only  two  of  the  ALCs  perform 
maintenance  on  aircraft  engines.  A  moderate  to  strong 
positive  correlation  coefficient  indicated  a  significant 
association  between  the  amount  of  hazardous  waste  disposal 
at  an  installation  and  the  activity  variable  in  question. 

The  1985  to  1989  data  points  were  chosen  to  establish 
the  relationships  between  hazardous  waste  disposal  and  the 
various  activity  variables  for  two  predominant  reasons. 
First,  this  time  period  is  prior  to  the  promulgation  of  the 
Pollution  Prevention  Act  and  AFP  19-4.  Therefore,  the 
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effects  of  the  many  process  modifications  and  substitutions 
that  resulted  from  base  wide  pollution  prevention  surveys 
subsequent  to  1990  at  the  ALCs  will  not  affect  the 
relationships.  Second,  this  will  avoid  incorporating  any 
waste  reduction  effects  of  the  hazardous  material  pharmacies 
at  the  ALCs  into  the  correlation. 

Additionally,  to  illustrate  the  trend  of  decreasing 
hazardous  waste  disposal  in  association  with  decreasing 
activity  levels,  a  time  series  plot  of  the  most  strongly 
correlated  activity  variable  and  the  hazardous  waste  data 
was  developed  for  the  time  period  1985  to  1992.  A  scatter 
plot  of  the  1985  to  1989  data  for  each  of  the  individual 
ALCs  most  highly  correlated  activity  variable  vs.  hazardous 
waste  disposal  was  also  shown  to  graphically  illustrate  the 
nature  and  intensity  of  the  correlations. 

To  compare  the  alternative  methods  of  measuring 
pollution  prevention  progress,  several  iterative  comparative 
analyses  were  performed.  The  percent  change  (current  Air 
Force  approach) ,  activity  index,  and  regression  modeling 
methods  were  compared  as  applied  to  the  1990-1993  data.  The 
percent  change  method  was  determined  by  using  1987  as  the 
baseline  year.  The  activity  index  method  was  applied  by 
using  a  single  year  (1987)  as  the  baseline  and  also  by  using 
the  average  activity  levels  for  the  years  1985-89  as  the 
baseline.  Two  regression  lines  were  determined  for  each  ALC 
in  each  of  the  analyses.  A  regression  line  with  the 
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y-intercept  fitted  and  a  regression  line  which  was  fitted 
through  the  origin  was  determined  to  predict  the  amount  of 
hazardous  waste  disposal  for  a  given  level  of  activity. 
Again,  the  data  points  from  1985-89  were  used  to  develop 
these  regression  equations.  The  regression  equations  and 
associated  coefficients  of  determination  are  included  in 
Appendix  B. 

The  criteria  for  establishing  the  best  method  included: 
consistency  in  adjusting  for  changes  in  activity  levels, 
realistic  and  representative  predictions  for  HW  disposal 
based  on  the  activity  levels,  and  operational  simplicity. 

The  analytical  results,  descriptive  statistics,  and  box 
plots  for  each  of  the  methods  were  compared  for  each  of  the 
separate  analyses  to  determine  the  first  two  criteria,  and 
operational  simplicity  was  determined  qualitatively. 

Analysis  Based  on  the  Most  Highly  Correlated 
Activity  Variables.  The  activity  indexing  and  regression 
modeling  methods  were  applied  first  by  using  the  most  highly 
correlated  activity  variable  for  each  of  the  individual  ALCs 
as  the  predictor.  For  example,  for  ALC-1,  the  number  of 
aircraft  serviced  proved  to  have  the  highest  correlation 
with  hazardous  waste  disposal.  For  ALC-2,  the  number  of 
exchangeable  components  processed  showed  the  highest 
correlation.  Thus,  aircraft  was  used  as  the  predictor  for 
ALC-1  and  exchangeables  was  used  as  the  predictor  for  ALC-2 
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for  determining  the  activity  index  and  the  regression 
equations . 

Analysis  Based  on  DPAHs .  A  similar  analysis  was 
then  repeated  using  the  activity  variable,  DPAHs,  which  was 
common  to  all  of  the  ALCs  as  the  predictor.  In  this  case, 
the  DPAHs  for  each  ALC  in  1987  was  used  as  the  baseline  for 
the  activity  index  method,  and  the  average  DPAHs  for  1985-89 
was  used  as  the  baseline  for  the  average  activity  index 
method.  The  two  regression  equations  for  each  ALC  was 
determined  using  the  1985-89  data  points  for  that  respective 
ALC. 

Multi -variable  Regression  Analysis.  This  analysis 
developed  the  two  regression  equations  for  each  ALC  by  using 
all  of  the  applicable  activity  variables  for  that  respective 
location.  These  regression  models  were  again  developed 
using  the  1985-89  data  points  and  were  applied  to  the  1990- 
92  data  to  make  predictions.  The  predictions  were  then  used 
to  determine  the  percent  change  for  the  regression  methods. 
These  values  were  then  compared  to  the  percent  change  method 
(current  Air  Force  method)  and  the  average  activity  index 
method  using  the  most  highly  correlated  variable. 

Proposed  Metric  Applied  to  the  1993  Quarterly 
Data .  Finally,  as  an  expanded  study,  a  proposed  metric 
based  on  the  previous  analysis  was  applied  to  the  1993 
quarterly  data.  The  results  of  applying  the  average 
activity  index  method  and  the  regression  model  fitted 
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through  the  origin  based  on  the  1985-89  DPAHs  to  the  1993 
quarterly  data  were  compared  to  the  most  current  Air  Force 
metric.  The  current  metric  uses  the  1992  hazardous  waste 
disposal  data  as  the  baseline  for  the  percent  change  method. 
The  metric  targets  a  50  percent  reduction  in  hazardous  waste 
disposal  by  CY1999  from  the  1992  baseline.  The  proposed 
metric  uses  the  average  relationship  between  hazardous  waste 
disposal  to  the  DPAHs  for  the  period  prior  to  the 
promulgation  of  the  Pollution  Prevention  Act  and  AFP  19-4 
(1985-89  data)  as  the  baseline. 
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Table  3  provides  a  summary  of  the  analysis  of  the 
correlation  between  hazardous  waste  disposal  and  the  various 
maintenance  activity  variables.  A  dash  in  a  column 
indicates  that  the  particular  ALC  in  that  row  does  not 
perform  that  maintenance  function.  For  example,  ALC-3  does 
not  perform  service  work  on  aircraft  engines.  The 
correlation  coefficients  indicate  that  all  of  the  bases  with 
the  exception  of  ALC-5  had  a  positive  association  between 
the  various  activity  levels  and  hazardous  waste  disposal  for 
the  1985-1989  data  points.  It  was  not  surprising  to  see  the 
strong  correlation  of  HW  disposal  to  the  number  of  aircraft 
serviced  at  ALC-1  and  ALC-3.  Aircraft  maintenance  often 
involves  painting  and  de-painting  processes  which  generate 
large  quantities  of  HW. 
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CORRELATION  COEFFICIENTS  FOR  THE  LISTED  ACTIVITY  VARIABLES  TO  HW  DISPOSAL 
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ALC-1 .  The  number  of  aircraft  serviced  was  the 


variable  that  showed  the  highest  correlation  for  ALC-1.  The 
correlation  coefficient  (r)  of  0.9286  indicates  a  strong 
association  between  hazardous  waste  disposal  and  the  number 
of  aircraft  undergoing  Programmed  Depot  Maintenance  (PDM) . 
Figure  3  depicts  this  relationship  graphically  for  the  years 
1985-1992.  The  variables  were  shown  on  separate  Y-axis 
scales  so  that  incremental  changes  in  aircraft  serviced 
would  not  be  dwarfed  by  corresponding  incremental  changes  in 
HW  disposal.  Otherwise,  if  the  variables  were  shown  on  the 
same  scale,  the  aircraft  service  data  would  all  be  below  the 
first  tick  on  the  HW  disposal  scale  and  the  ensuing  trend 
would  not  be  apparent.  The  figure  shows  a  clear  long  term 
trend  from  1985-1989  of  steadily  decreasing  levels  of  both 
hazardous  waste  disposal  and  the  number  of  aircraft 
serviced. 
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ALC-1 


The  scatter  plot  depicted  in  figure  4  shows  the  fitted 
regression  line  for  the  five  data  points.  The  coefficient 
of  determination  (r2)  for  this  line  is  0.8623  which  suggests 
that  86  percent  of  the  variation  in  HW  disposal  is 
attributable  to  changes  in  the  number  of  aircraft  serviced. 
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DPAHs  also  had  strong  correlation  with  hazardous  waste 
disposal .  The  number  of  exchangeables  and  number  of 
missiles  serviced  both  had  moderate  correlations  with 
hazardous  waste  disposal  for  ALC-1. 

ALC-2 .  The  number  of  exchangeables  for  ALC-2  proved  to 
have  the  highest  r-value  (0.7749).  This  indicates  a 
moderate  association  between  the  two  variables  by 
definition;  however,  this  value  is  very  close  to  the  0.8 
value  required  for  strong  correlation.  Figure  5  depicts  the 
levels  of  hazardous  waste  disposal  and  number  of 
exchangeables  processed  at  ALC-2  for  the  years  1985-1992. 

The  figure  depicts  the  trend  of  decreased  hazardous  waste 
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disposal  and  the  number  of  exchangeables  processed  from 
1985-1989. 


ALC-2 


* HWDISP  - * —  EXCHANGEABLES 


Figure  5.  HW  Disposal  and  Number  of  Exchangeables  at  ALC-2 


Figure  6  further  supports  this  positive  relationship  in 
the  scatter  plot.  The  fitted  regression  line  in  this  case 
had  an  r2  of  0.6005.  This  lower  r2  is  apparent  from  the 
figure  because  the  data  points  appear  to  be  more  scattered 
about  the  line  than  in  the  corresponding  figure  for  ALC-1. 
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ALC-2 


DPAHs ,  the  number  of  aircraft  serviced,  and  the  number 
of  engines  serviced  also  had  moderate  correlation  with  the 
amount  of  hazardous  waste  disposed  of  at  ALC-2. 

ALC-3 .  For  ALC-3,  the  number  of  aircraft  serviced  had 
the  highest  correlation  with  hazardous  waste  disposal 
between  1985  and  1989.  The  r-value  of  0.9847  indicates  an 
extremely  strong  positive  correlation  between  the  two 
variables.  Figure  7  supports  the  relationship  by  showing  a 
trend  of  decreased  hazardous  waste  disposal  coupled  with 
decreased  number  of  aircraft  serviced  over  time. 
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Figure  7 .  HW  Disposal  and  Number  of  Aircraft  Serviced  at 

ALC-3 


The  scatter  plot  shown  in  Figure  8  illustrates  the 
strength  of  this  association.  The  fitted  regression  line 
had  an  r2  value  of  0.9697.  This  indicates  an  extremely  good 
fit  of  the  data  points  to  the  line  for  real  world  data. 
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ALC-3  1985-1989  Data 


Figure  8.  Scatter  Plot  of  HW  Disposal  vs.  Aircraft  at  ALC-3 


DPAHs ,  and  the  number  of  exchangeables  processed  also 
had  strong  correlation  with  hazardous  waste  disposed  during 
the  period  of  1985-1989. 

ALC-4 .  The  number  of  exchangeables  processed  had  the 
highest  correlation  with  hazardous  waste  disposal  for  ALC-4 . 
The  r-value  of  0.7311  indicates  a  moderate  association 
between  the  two  variables .  Figure  9  depicts  this 
relationship  graphically  and  shows  the  long  term  trend  of 
decreased  hazardous  waste  disposal  coupled  with  decreased 
number  of  exchangeables . 
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Figure  9.  HW  Disposal  and  Number  of  Exchangeables  at  ALC-4 


The  scatter  plot  of  the  1985-1989  data  (Figure  10) 
illustrates  the  nature  and  strength  of  this  association 
graphically.  In  this  case,  the  data  points  appear  to  be 
more  spread  out  from  the  line  than  in  the  other  scatter 
plots.  This  is  apparent  in  the  relatively  low  r2  value  of 
0.5346  of  the  fitted  regression  equation.  For  this  model, 
only  53  percent  of  the  variation  in  HW  disposal  was 
attributable  to  changes  in  the  number  of  exchangeable  parts 
processed. 
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Figure  10.  Scatter  Plot  of  HW  Disposal  vs.  Exchangeables  at 

ALC-4 


DPAHs  also  had  a  moderate  correlation  with  the  amount 
of  hazardous  waste  disposed  at  ALC-4  for  the  1985-1989  time 
period. 

ALC-5 .  None  of  the  activity  variables  had  a  positive 
correlation  with  hazardous  waste  disposal  for  ALC-5  for  the 
time  period  1985-1989.  The  relationship  proved  to  be  the 
opposite  of  the  other  ALCs .  The  number  of  exchangeables  had 
strong  negative  correlation,  and  DPAHs  and  the  number  of 
aircraft  serviced  both  had  moderate  negative  correlations. 
This  negative  correlation  suggests  that  decreases  in 
maintenance  activity  leads  to  increased  hazardous  waste 
disposal  at  ALC-5.  This  suggestion  defies  logic  and  is 


53 


counter  to  the  hypothesis  that  HW  disposal  and  depot 
maintenance  activity  levels  are  positively  correlated. 
Investigation  into  this  phenomenon  revealed  that  during  the 
period  from  1986-1988,  significant  additional  waste  streams 
were  identified  as  hazardous  waste.  Also,  in  1990,  the 
implementation  of  the  TCLP  rule  resulted  in  the  disposal  of 
several  previously  unregulated  wastes.  The  large  increase 
in  HW  disposal  apparent  in  1991  was  the  result  of  the 
disposal  of  635  tons  of  industrial  waste  treatment  plant 
sludge.  Prior  to  1991,  no  IWTP  sludge  was  disposed  of  from 
ALC-5. 

Figure  11  is  a  time  series  plot  of  the  data  from  1985- 
1992  that  depicts  the  relationship  between  the  number  of 
exchangeables  processed  and  the  amount  of  hazardous  waste 
disposed  at  ALC-5.  Again,  the  trend  was  increased  amounts 
of  hazardous  waste  associated  with  decreases  in  the  number 
of  exchangeable  parts  processed. 
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The  scatter  plot  of  the  1985-1989  data  (Figure  12) 
illustrates  the  negative  slope  of  the  fitted  regression 
line.  The  r2  for  this  equation  was  0.8134  which  indicates  a 
fairy  good  fit  of  the  data  to  the  line;  however,  the  slope 
of  the  line  was  negative. 
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Figure  12.  Scatter  Plot  of  Exchangeables  vs.  HW  Disposal  at 

ALC-5 


Because  the  data  was  inconsistent  with  the  other  five 
ALCs,  and  that  the  relationship  was  totally  opposite  of  the 
other  five  ALCs,  the  application  of  the  alternative  methods 
was  not  conducted  on  the  data  for  ALC-5. 

ALC-6 .  The  number  of  engines  serviced  had  the  highest 
positive  correlation  for  ALC-6.  The  r-value  of  0.5685 
indicates  a  moderate  correlation  between  the  two  variables. 
This  value  is  close  to  an  r-value  of  less  than  0.5  which 
would  indicate  a  weak  correlation  between  the  two  variables. 

Figure  13  depicts  this  association  graphically.  The 
figure  shows  an  overall  trend  of  decreased  hazardous  waste 
disposal  associated  with  decreases  in  the  number  of  engines 
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serviced  between  1985  and  1989;  however, 
as  apparent  in  this  case  as  it  is  in  the 
ALCs  1-4. 


this  trend  is  not 
figures  for 


ALC-6 


Figure  14  is  a  scatter  plot  of  the  1985-1989  HW 
disposal  vs.  engines  serviced  for  ALC-6.  The  number  of 
engines  serviced  is  steadily  decreasing;  however,  the 
expected  associated  decrease  in  hazardous  waste  disposal  was 
not  seen.  The  fitted  regression  line  in  this  case  is  nearly 
a  horizontal  line  with  a  slight  positive  slope  (r2=0.3232) 
and  a  y-intercept  of  4316  tons.  This  suggests  that 
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approximately  4300  tons  of  HW  would  be  disposed  of  if  no 
engines  were  serviced  in  a  given  year.  The  relatively  weak 
r2  value  and  the  horizontal  nature  of  the  regression  line  is 
indicative  that  a  large  percentage  of  the  hazardous  waste 
disposed  of  at  ALC-6  is  independent  of  the  number  of  engines 
serviced. 


ALC-6  1985-1989  Data 

8000  - 
-5  7000 

C 

o 

~  6000 
"O 
o 

I  5000 

m 

s 

a  4000 

« 

5  3000 

•» 

3 

|  2000 

« 

N 

X  1000 
0 


Figure  14.  Scatter  Plot  of  HW  Disposal  vs.  Engines  Serviced 

at  ALC-6 


DPAHs,  the  number  of  aircraft,  and  exchangeables 
processed  all  had  weak  correlation  with  the  amount  of 
hazardous  waste  disposed  between  1985  and  1989  for  ALC-6,  as 
indicated  in  Table  3 . 
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Based  on  the  correlation  analysis,  it  is  apparent  that 
there  was  a  positive  association  between  depot  maintenance 
activities  and  the  amount  of  HW  disposal  at  all  but  one  of 
the  AIjCs.  This  positive  correlation  was  strong  to  moderate 
for  all  activity  variables  at  all  but  one  of  the  ALCs . 
Comparative  Analysis  of  the  Alternative  Methods 

Based- on  the  Most  Highly  Correlated  Activity  Variable. 
The  yearly  data  from  1985-1992  was  analyzed  in  accordance 
with  the  methods  discussed  in  Chapter  III.  In  this 
analysis,  the  activity  variable  that  had  the  highest 
positive  correlation  to  HW  disposal  for  each  ALC  was  used  to 
develop  the  activity  index  and  regression  models  for  that 
ALC.  For  example,  the  number  of  aircraft  serviced  was  used 
for  ALC-1  as  the  predictor,  whereas  the  number  of 
exchangeables  processed  was  used  as  the  predictor  for  ALC-2 
(refer  to  Table  3  for  correlation  results) .  The  data  from 
1985-1989  was  used  to  develop  the  activity  index  for  1987, 
average  activity  index  for  1985-1989,  and  the  two  regression 
models  for  each  individual  ALC.  These  regression  equations 
are  listed  in  Appendix  B.  A  prediction  of  hazardous  waste 
disposal  was  then  made  using  the  two  activity  indices  and 
the  two  regression  equations  for  each  ALC  based  on  the 
appropriate  activity  variable  level  for  the  years  1990-1992 
for  each  respective  ALC.  The  percent  change  from  the 
predictions  was  then  calculated  and  compared  to  the  percent 
change  from  the  1987  baseline  (Air  Force  Method) .  ALC-5 
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data  was  not  analyzed  due  to  the  negative  correlation 
results  obtained  in  the  previous  section. 

Table  4  provides  a  summary  of  the  percent  change  in 
hazardous  waste  generation  for  the  methods.  The  percent 
change  from  the  1987  based  activity  index  prediction 
resulted  in  a  more  conservative  number  for  the  reduction  of 
hazardous  waste  in  each  case.  This  is  because  the  level  of 
activity  was  lower  at  each  base  for  the  years  1990-92  than 
its  respective  1987  activity  level.  It  is  more  conservative 
in  the  respect  that  the  effects  of  the  lower  activity  levels 
were  factored  out  of  the  measurement.  The  one  exception  to 
this  occurs  for  ALC-1  in  1992  when  the  number  of  aircraft 
serviced  exceeded  the  1987  level  which  resulted  in  an 
activity  index  of  1.07  (365/340).  In  this  case,  the 
activity  index  method  yielded  a  higher  percent  decrease 
(-40%)  in  hazardous  waste  disposal  than  the  percent  change 
method  from  the  1987  baseline  (-35%).  Thus,  the  activity 
indexing  and  regression  methods  compensated  for  the  fact 
that  there  was  a  relative  increase  in  activity  at  ALC-1  in 
1992.  This  method  shows  that  the  effectiveness  of  ALC-1 's 
pollution  prevention  efforts  were  greater  than  the  Air  Force 
metric  suggests  for  the  1992  measurement. 
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Also  from  Table  4,  it  can  be  seen  that  the  percent 
change  based  on  the  average  activity  level  from  1985-1989 
did  not  always  result  in  a  lower  percent  decrease  than  the 
current  Air  Force  method.  Again,  this  occurred  for  ALC-1 
where  the  average  activity  index  for  1985-1989  was  greater 
than  one  for  the  years  1990  and  1992.  The  values  for  the 
two  activity  indexing  methods  also  differed  because  the 
average  level  of  hazardous  waste  disposal  over  the  period 
from  1985-1989  that  was  used  to  compute  the  prediction  often 
varied  from  the  1987  amount.  This  average  level  of 
hazardous  waste  for  1985-1989  was  less  than  the  1987  level 
for  3  out  5  of  the  ALCs  studied. 

The  percent  change  from  the  two  regression  analysis 
provided  similar  results  as  the  average  based  activity  index 
method.  The  regression  that  was  fitted  through  the  origin 
provides  results  that  were  more  consistent  with  the  average 
based  activity  index  method.  This  was  because  the 
regression  equation  in  which  the  y- intercept  was  fitted 
produced  an  extremely  small  or  negative  prediction  for 
hazardous  waste  disposal  for  low  cases  of  the  independent 
variable  (activity  level) .  Figure  15  illustrates  this 
phenomenon  for  the  regression  analysis  for  ALC-1.  The 
figure  shows  that  a  negative  amount  of  hazardous  waste  is 
predicted  for  any  number  of  aircraft  below  170.  As  a 
result,  the  prediction  from  which  the  percent  reduction  was 
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calculated  was  an  extremely  small  value,  and  in  some  cases 
negative . 


Figure  15.  Scatter  Plot  with  Fitted  Regression  Line  for 


ALC-1,  1985-89  Data 

The  1991  regression  prediction  resulting  from  the 
fitted  regression  equation  for  ALC-4  illustrates  this 
concept.  The  fitted  regression  equation  for  ALC-4  was  as 
follows : 

HW  disposal=0 . 0082888*exchangeables-148 . 8875 
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The  number  of  exchangeables  processed  in  1991  at  ALC-4  was 
17979  which  resulted  in  a  prediction  of  HW  disposal  of 
0.1368  tons.  Because  the  actual  quantity  of  hazardous  waste 
disposal  in  1991  for  ALC-4  was  19  tons,  a  13790  percent 
increase  from  the  prediction  resulted. 

The  descriptive  statistics  shown  in  Table  5  further 
support  the  previous  discussion  relating  to  Table  4 .  The 
mean  percent  change  in  hazardous  waste  disposal  was  lower 
for  each  of  the  alternative  methods  when  compared  to  the 
current  Air  Force  method.  However,  the  standard  deviation 
for  each  of  the  alternative  methods  is  greater,  with  the 
fitted  regression  method's  being  much  greater.  This  is 
because  the  accuracy  of  the  fitted  regression  method 
decreases  for  low  levels  of  activity  and  therefore  does  not 
provide  a  reasonable  prediction. 
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DESCRIPTIVE  STATISTICS  FOR  TABLE  4  PERCENT  CHANGE  DATA 
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Further  study  of  the  data  indicated  that  the  results 
for  ALC-6  were  outliers  in  the  data  set.  This  is  due  to  the 
relatively  weak  r-value  of  0.5685  when  compared  to  the 
r-values  for  the  other  bases  studied.  Also,  the  other  bases 
showed  relatively  large  reductions  in  hazardous  waste 
disposal  from  1990-92  when  compared  to  their  respective  1987 
level,  whereas  ALC-6  did  not.  Consequently,  these  outliers 
tended  to  severely  skew  fitted  regression  method  results. 

Figure  16  is  a  box  plot  of  the  data  for  the  various 
methods.  The  figure  shows  that  all  four  of  the  alternative 
methods'  distributions  were  shifted  up  on  the  box  plot  when 
compared  to  the  percent  change  method.  The  average  activity 
index  and  the  regression  fitted  through  the  origin  methods 
provide  a  more  conservative  estimate  of  the  percent 
reduction  in  hazardous  waste  disposal  during  the  period  in 
question  with  less  variation  in  that  percent  reduction  when 
the  outliers  are  not  considered.  Consequently,  all  of  the 
outliers  shown  on  the  figure  resulted  from  data  points 
associated  with  ALC-6.  The  activity  index  method  based  on 
1987  activity  levels  was  the  most  variable  of  the  five 
methods  investigated.  This  is  apparent  in  the  spread  of  the 
data  based  on  this  method  as  indicated  in  the  relatively 
large  box  and  long  tails  shown  in  the  box  plot. 
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PERCENT  ACTIVITY  ACTIVITY  INDEX  FITTED  REGRESSION 

CHANGE  INDEX  87  BASED  85-89  AVERAGE  REGRESSION  THRU  ORIGIN 

Figure  16 .  Box  and  Whisker  Plots  for  the  Various  Methods 
Based  on  Highest  Correlated  Variables 


As  discussed  in  Chapter  II,  the  AFMC  goal  was  to 
achieve  a  50  percent  reduction  in  HW  disposal  from  the  1987 
baseline  by  1992.  Looking  at  Table  4,  it  is  apparent  that 
ALCs  2,  3,  and  4  achieved  this  goal  based  on  the  AFMC  metric 
using  the  percent  change  method  (-69,  -66,  and  -75  percent, 
respectively) .  However,  when  the  1987  based  activity  index 
was  used,  these  values  dropped  to  -30,  -58,  and  -58  percent, 
respectively.  When  the  1985-1989  average  activity  index 
method  was  applied,  the  values  decreased  to  -39,-56,  and  -64 
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percent,  respectively,  relative  to  the  percent  change 
method.  When  the  fitted  regression  method  was  applied, 
these  values  changed  to  -56,  -20,  and  184  percent, 
respectively,  relative  to  the  percent  change  method. 

Finally,  when  the  regression  through  the  origin  method  was 
applied,  these  values  changed  to  -42,  -45,  and  -65, 
respectively.  This  indicates  that  significant  progress  was 
made  toward  reducing  HW  disposal  at  these  locations  from  the 
1987  levels;  however,  this  progress  was  not  as  great  when 
the  reductions  in  activity  levels  were  taken  into  account. 
The  average  activity  index  method  and  the  regression  line 
fitted  through  the  origin  provided  the  desired  compensation 
for  changes  in  activity  without  being  overreactive  to  those 
changes . 

Analysis  Based  on  DPAHs .  The  same  analysis  as 
performed  above  was  conducted  using  the  total  number  of 
hours  dedicated  to  depot  level  maintenance  (DPAHs)  as  the 
activity  variable.  Again,  the  data  from  1985-1989  was  used 
to  develop  the  activity  index  and  regression  models.  These 
regression  equations  are  listed  in  Appendix  B. 

Table  6  below  contains  the  results  of  this  analysis  for 
the  various  methods  of  measuring  waste  reduction  progress. 
DPAHs  were  lower  for  each  base  in  the  years  1990-1992  than 
the  DPAHs  in  1987.  The  DPAHs  in  1990-1992  were  also  lower 
than  the  average  DPAHs  for  1985-89  except  for  ALC-4  in  1990. 
Therefore,  the  activity  index  for  each  case  was  less  than 
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1.0  except  for  the  ALC-4  1990  average  activity  index.  As  a 
result,  both  the  activity  index  method  based  solely  on  1987 
levels,  and  the  activity  index  method  based  on  the  1985-89 
average  levels  indicated  that  waste  reduction  was  lower  for 
the  1990-92  period  than  the  Air  Force  metric  indicates. 
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PERCENT  CHANGE  IN  HAZARDOUS  WASTE  DISPOSAL  FOR  THE  VARIOUS  METHODS 
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Results  similar  to  those  from  the  analysis  based  on  the 
most  highly  correlated  activity  variable  were  seen  when  the 
DPAHs  were  used  as  the  independent  variable  for  the 
developing  the  regression  equations.  As  seen  previously, 
the  regression  line  fitted  through  the  origin  produces 
results  that  are  consistent  with  the  average  activity  index 
method.  The  results  from  the  regression  line  with  the  y- 
intercept  fitted  again  yielded  predictions  that  were 
negative  or  extremely  low  for  the  lower  levels  of  the 
independent  variable  (DPAHs)  due  to  a  negative  y- intercept 
in  the  regression  equations. 

Consistent  with  the  previous  analysis,  descriptive 
statistics  for  the  various  methods  were  calculated.  Table  7 
shows  that  by  taking  into  account  the  level  of  maintenance 
activity,  the  mean  percent  reductions  in  hazardous  waste 
disposal  were  again  consistently  lower.  Once  more,  the 
negative  y- intercept  resulting  from  the  fitted  regression 
equation  severely  shifts  the  mean  for  this  method,  as  well 
as  increasing  its  standard  deviation. 
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Figure  17,  the  box  plot  of  the  results  for  the  four 
methods,  indicates  that  the  average  activity  index  method 
and  the  regression  fitted  through  the  origin  method  result 
in  the  least  varied  data,  while  still  reducing  the  mean 
percent  reduction  to  account  for  the  lower  levels  of 
activity.  The  extremely  varied  data  reflected  in  the  fitted 
regression  method  was  due  to  the  negative  predictions 
resulting  for  lower  levels  of  activity. 


PERCENT  ACTIVITY  INDEX  ACTIVITY  INDEX  REGRESSION  THRU  FITTED 

CHANGE  87  BASED  85-89  AVERABE  ORIGIN  REGRESSION 

Figure  17.  Box  and  Whisker  Plots  for  the  Various  Methods 

Based  on  DPAHs 
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A  comparison  of  the  results  of  the  alternative  methods 
to  the  goal  of  a  50  percent  reduction  by  1992  indicates  that 
significant  progress  was  achieved,  but  the  progress  is  not 
as  great  when  the  decreased  activity  levels  were  taken  into 
account.  Again,  ALCs  2,  3  and  4  achieved  the  desired 
reduction  in  1992,  and  this  reduction  was  still  greater  than 
50  percent  for  those  centers  when  the  activity  index, 
average  activity  index,  and  regression  through  the  origin 
methods  were  applied. 

Multi-variable  Regression  Analysis.  In  this  analysis, 
the  two  regression  equations  were  developed  for  each  ALC  by 
using  all  of  the  applicable  variables  for  each  individual 
ALC.  The  activity  variables  are  listed  in  Appendix  A.  A 
listing  of  the  regression  equations  used  for  the  analyses  is 
provided  in  Appendix  B.  A  prediction  was  made  for  1990-1992 
based  on  these  equations,  and  the  percent  change  from  these 
predictions  were  calculated  for  each  ALC.  The  results  were 
then  compared  to  the  percent  change  and  average  activity 
index  methods  for  the  same  years . 

The  results  obtained  from  the  multi -variable  regression 
analysis  were  similar  to  the  results  obtained  from  the 
analysis  using  the  most  highly  correlated  activity  variable. 
These  results  are  presented  in  table  8.  The  fitted  multi- 
variable  regressions  line  again  resulted  in  negative 
y-intercepts  which  caused  the  low  adjusted  mean  percent 
change  in  hazardous  waste  disposal  using  this  method. 
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TABLE  8 


YEARLY  PERCENT  CHANGE  IN  HAZARDOUS  WASTE  DISPOSAL 
MULTI -VARIABLE  REGRESSION 


ALC 

YEAR 

FROM  FITTED 

REGRESSION 

PREDICTION 

FROM  REGRESSION 
PREDICTION  THRU 
ORIGIN 

ALC-1 

1990 

-37 

-45 

1991 

49 

7 

1992 

-13 

-52 

ALC-2 

1990 

7 

-18 

1991 

27 

-57 

1992 

-17 

-80 

ALC- 3 

1990 

-31 

-26 

1991 

-41 

-41 

1992 

-1 

-1 

ALC-4 

1990 

-14 

-16 

1991 

12 

-34 

1992 

63 

-58 

ALC- 6 

1990 

4 

15 

1991 

3 

28 

1992 

2 

23 

The  descriptive  statistics  shown  in  table  9  show  that 
the  mean  percent  reduction  is  lower  for  the  multi-variable 
regression  methods.  The  regression  fitted  through  the 
origin  again  has  a  larger  standard  deviation  than  the  multi - 
variable  regression  method  with  the  y- intercept  fitted. 
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Figure  18  is  a  box  plot  of  the  distributions  of  the 
results  for  the  percent  change,  multi -variable  regression 
through  the  origin,  multi-variable  regression,  and  average 
activity  index  methods.  This  plot  indicates  that  the 
average  activity  index  method  had  the  least  spread  in  the 
data,  while  adjusting  the  mean  to  account  for  the  reductions 
in  maintenance  activity.  The  other  alternative  methods 
also  shift  the  distribution  to  account  for  the  reduced 
maintenance  activity,  but  the  spread  of  the  data  was  clearly 
increased  when  compared  to  the  current  metric  and  the 
average  activity  index  method.  The  fitted  regression 
severely  shifted  the  distribution  upward  indicating  that 
even  less  pollution  prevention  progress  was  made  relative  to 
1987  when  changes  in  all  of  the  activity  variables  were 
taken  into  account.  It  is  important  to  note  that  the  mean 
for  the  fitted  regression  method  is  skewed  by  the  1991  and 
1992  data  points  for  ALC-4 . 
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PERCENT  ACTIVITY  INDEX  FITTED  REGRESSION 

CHANGE  8S-89  AVERAGE  REGRESSION  THRU  ORIGIN 

Figure  18.  Box  and  Whisker  Plots  for  the  Various  Methods 
for  Multi -variable  Regressions 


Conclusions  from  the  Comparative,  Analysis-  The  percent 
change  method  clearly  provided  no  means  of  adjusting  for  the 
variations  in  aircraft  related  maintenance  activity.  Due  to 
the  strong  to  moderate  correlation  between  HW  disposal  and 
the  activity  variables,  the  use  of  a  method  that  adjusts  the 
measure  of  pollution  prevention  for  changes  in  activity 
levels  was  justified.  The  least  squares  regression  equation 
with  the  y-intercept  fitted  was  resulted  in  unrealistic  and 
illogical  predictions  for  the  amount  of  HW  disposal.  This 
was  due  to  a  negative  y-intercept  which  resulted  in  a 


negative  or  extremely  low  prediction  for  HW  disposal  based 
on  the  activity  levels  experienced  in  1990-92.  The  activity 
indexing  method  using  1987  as  the  baseline  year  was  shown 
not  to  be  a  reasonable  method  because  it  was  based  solely  on 
one  year's  data.  However,  using  only  one  year  to  base  the 
relationship  of  aircraft  maintenance  activity  to  HW  resulted 
in  an  unusually  large  spread  in  the  data,  as  evidenced  in 
Figures  16  and  17.  The  average  activity  index  method 
consistently  adjusted  the  measure  of  waste  reduction 
progress  for  changes  in  activity  and  did  not  result  in  the 
large  spread  of  data  associated  with  the  activity  indexing 
method  based  on  the  1987  data.  The  regression  line  fitted 
through  the  origin  provided  results  that  were  consistent 
with  the  average  activity  index  method;  however,  the  method 
was  more  complex  and  time  consuming.  Based  on  the  analysis, 
the  average  activity  index  was  the  preferred  method.  The 
advantage  of  using  the  regression  method  was  that  it 
provided  a  visual  model  of  the  relationship,  and  a 
coefficient  of  determination  to  quantify  the  strength  of  the 
relationship.  Therefore,  both  the  average  activity  indexing 
method,  and  the  regression  line  fitted  through  the  origin 
was  recommended  for  use.  Using  DPAHs  as  the  activity 
variable  provided  the  most  flexibility  in  the  metric.  This 
is  because  this  variable  was  common  to  all  of  the  bases  in 
the  study.  All  of  the  other  maintenance  related  variables 
shown  in  Table  3  contribute  to  DPAHs.  As  a  result,  the 
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effects  of  a  mission  transfer  from  one  ALC  to  another  ALC 
can  be  accounted  for  without  having  to  wait  several  years  to 
gather  the  data  to  re-establish  the  relationship  between  HW 
disposal  and  activity. 

Proposed  Metric  Applied  to  the  1993  Quarterly  Data. 

The  proposed  metric  is  to  use  the  average  activity  index 
(1985-89  based)  method  or  the  regression  model  (1985-89 
based)  fitted  through  the  origin  to  measure  pollution 
prevention  progress.  These  methods  were  preferred  based  on 
the  previous  analyses. 

The  average  activity  indexing  method  (1985-89)  and  the 
regression  method  fitted  through  the  origin  were  applied  to 
the  1993  quarterly  hazardous  waste  disposal  data  to  test 
these  methods  when  compared  to  the  percent  change  from  the 
1992  baseline.  The  1992  baseline  was  picked  since  it  is  the 
baseline  for  the  current  Air  Force  metric  for  the  years 
1993-1999  as  outlined  in  AFP  19-4.  Because  the  baseline  for 
the  percent  change  method  shifts  from  1987  to  1992,  this 
method  indicated  much  smaller  reductions  in  hazardous  waste 
disposal  than  the  previous  analyses.  The  alternative 
methods,  however,  continue  to  be  based  on  the  levels  prior 
to  the  implementation  of  pollution  prevention.  Therefore, 
these  values  indicate  a  greater  reduction  in  hazardous  waste 
disposal  when  compared  to  the  percent  change  method. 

Table  10  contains  the  results  of  this  analysis.  All  of 
the  centers  with  the  exception  of  ALC- 6  have  a  greater 
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reduction  in  hazardous  waste  disposal  when  the  alternative 
methods  are  applied.  The  data  for  ALC-6  is  again  influenced 
by  the  nearly  50%  decrease  in  DPAHs  and  ..he  relatively 
steady  amount  of  hazardous  waste  disposal  for  1993  when 
compared  to  the  average  1985-89  amount. 


TABLE  10 

QUARTERLY  PERCENT  CHANGE  IN  1993  HW  DISPOSAL  FOR  THE  VARIOUS 

METHODS 


ALC 

PERIOD 

FROM  1992 
BASELINE 

FROM  ACTIVITY 
INDEX 

PREDICTION 

(1985-89 

BASED) 

FROM 

REGRESSION 

PREDICTION 

THRU 

ORIGIN 

ALC-1 

1993-1 

-28 

-47 

-49 

ALC- 1 

1993-2 

-8 

-34 

-35 

ALC-1 

1993-3 

-22 

-41 

-42 

ALC-1 

1993-4 

-60 

-69 

-69 

ALC- 2 

1993-1 

-19 

-63 

-63 

ALC-2 

1993-2 

6 

-54 

-54 

ALC-2 

1993-3 

-38 

-72 

-72 

ALC-2 

1993-4 

-29 

-69 

-69 

ALC -3 

1993-1 

10 

-50 

-51 

ALC -3 

1993-2 

-22 

-68 

-68 

ALC-3 

1993-3 

-20 

-66 

-66 

ALC- 3 

1993-4 

-2 

-58 

-59 

ALC -4 

1993-1 

-34 

-44 

-44 

ALC -4 

1993-2 

-63 

-67 

-67 

ALC -4 

1993-3 

-10 

-3 

-3 

ALC -4 

1993-4 

-69 

-65 

-66  | 

ALC-6 

1993-1 

-17 

38 

39 

ALC-6 

1993-2 

-36 

1 

1 

ALC-6 

1993-3 

-17 

31 

32 

ALC-6 

1993-4 

-46 

-16 

-15 
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Table  11  displays  the  descriptive  statistics  for  this 
analysis  and  again  indicates  the  advantage  of  using  the 
methods  that  adjust  the  reduction  in  hazardous  waste 
disposal  based  on  the  level  of  maintenance  activity.  The 
mean  reduction  is  greater  for  the  alternative  methods,  but 
the  use  of  the  methods  is  justified  based  on  the  strong  to 
moderate  correlation  of  hazardous  waste  disposal  and  DPAHs 
during  the  1985-89  period  prior  to  the  Pollution  Prevention 
Act . 


TABLE  11 

DESCRIPTIVE  STATISTICS  FOR  TABLE  13  PERCENT  CHANGE  DATA 


STATISTIC 

FROM 

1992 

BASELINE 

ACTIVITY  INDEX 
(85-89  BASED) 

REGRESSION  THRU 
ORIGIN 

MEAN 

-26.2 

-40.8 

-41 

MEDIAN 

-22 

-52 

-52.5 

STANDARD 

DEVIATION 

21.6 

33.6 

34.0 

MIN. 

-69 

-72 

-72 

MAX. 

10 

38 

39 

The  box  plot  (Figure  19)  further  supports  the  above 
analysis.  Clearly  the  distribution  of  the  data  for  the  1992 
based  percent  change  had  a  greater  mean  than  the  two 
suggested  alternatives.  The  average  activity  index  method 
and  the  regression  method  fitted  through  the  origin  both 
produced  virtually  identical  results.  These  two  methods  did 
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have  a  greater  standard  deviation  which  was  the  result  of 
the  variation  in  the  activity  variables. 


PERCENT  ACTIVITY  INDEX  REGRESSION 

CHANGE  1985-87  BASED  THRU  ORIGIN 


Figure  19.  Box  and  Whisker  Plots  for  the  Various  Methods 

Based  on  Quarterly  Data 
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The  first  research  objective  was  to  determine  if  there 
is  a  statistically  significant  relationship  between  the 
amount  of  hazardous  waste  generated  and  the  various  measures 
of  maintenance  production  activity  at  the  ALCs . 

Based  on  the  correlation  analysis,  it  can  be  concluded 
that  there  is  indeed  an  association  between  the  level  of 
maintenance  activity  at  the  ALCs  and  the  amount  of  hazardous 
waste  disposal.  The  positive  correlations  indicated  in 
Table  3  support  this  claim  for  all  of  the  locations  with  the 
exception  of  ALC-5.  The  correlations  in  most  cases  were 
found  to  be  strong  to  moderate. 

The  second  research  objective  was  to  compare  the 
current  measurement  method  to  the  alternative  methods  of 
Activity  Indexing  and  Predictive  Regression  Analysis  for  the 
ALC  bases . 

The  methods  which  showed  a  decrease  in  the  average 
percent  reductions  in  hazardous  waste  disposal  to  account 
for  decreases  in  activity  levels  without  overreacting  to  the 
changes  were  the  average  activity  index  and  the  regression 
method  fitted  through  the  origin.  These  two  methods 
normalized  the  percent  reductions  in  hazardous  waste 
disposal  by  shifting  the  distributions  based  on  decreased 
levels  of  maintenance  activity.  These  decreased  levels  of 


maintenance  activity  were  indicated  by  the  activity  indices 
that  were  consistently  less  than  one  relative  to  the 
established  baseline. 

The  average  activity  index  method  was  the  simpler  of 
the  two  methods  to  apply  and  understand.  The  method  does 
not  require  any  sophisticated  computer  software  or  an 
understanding  of  regression  analysis. 

The  current  method  used  by  the  Air  Force  overstated 
actual  progress  made  at  reducing  HW  disposal  when  the 
reduced  workload  experienced  at  the  ALCs  for  the  years 
1990-92  were  taken  into  account.  However,  the  results  still 
indicate  that  significant  progress  was  made  during  those 
years  at  reducing  hazardous  waste  disposal  at  the  ALCs  even 
when  the  alternative  methods  were  used.  When  the  proposed 
method  of  normalizing  the  HW  reduction  progress  was  applied 
to  the  1993  quarterly  data,  the  results  showed  an  greater 
reductions  in  HW  when  compared  to  the  current  metric. 

Recommendations 

The  AFMC  Environmental  Management  Division  should 
review  the  results  of  the  research  and  consider  applying  the 
averaged  activity  index  method  using  the  DPAH  data  to  adjust 
the  metric  to  account  for  changing  activity  levels  for  the 
ALCs  where  a  positive  correlation  was  observed.  The  average 
activity  index  could  be  adjusted  on  a  periodic  basis  similar 
to  adjusting  the  baseline  in  the  percent  change  method.  For 
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instance,  the  average  activity  level  and  average  HW  disposal 
could  be  based  on  the  years  1987-92  as  opposed  to  1985-89. 

One  suggestion  for  follow  on  study  is  determining  if 
the  same  method  can  be  applied  to  other  commands.  For 
instance,  the  number  of  sorties  flown  at  an  Air  Combat 
Command  or  Air  Mobility  Command  base  may  strongly  correlate 
with  the  amount  of  hazardous  waste  generated  at  those  bases. 
Another  suggestion  would  be  to  determine  if  the  method  could 
be  applied  on  a  microscale.  For  instance,  the  number  of 
hours  dedicated  to  service  calls  within  a  Civil  Engineering 
Squadron  may  strongly  correlate  with  the  amount  of  hazardous 
waste  generated  by  that  squadron.  The  usefulness  of  this 
method  can  also  be  investigated  as  a  method  to  normalize  the 
Toxic  Release  Inventory  reporting  data  in  the  future. 

Another  potential  for  follow-on  study  is  to  apply  non-linear 
models  to  determine  the  fit  of  the  data  rather  than  the 
linear  model. 
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Appendix  A 
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Center 

Quarter 

DPAHs 
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HW  Disposal 
(tons) 
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Based  on  Most  Highly  Correlated  Variable 
(Y-intercept  Fitted) 
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compared  to  what  historically  occurred  as  the  measure  of  pollution  prevention  progress.  The  results  indicated 
that  there  is  a  moderate  to  strong  correlation  between  HW  disposal  and  aircraft  related  maintenance  activity  at 
five  of  the  six  bases  studied.  The  activity  indexing  method  based  on  an  average  ratio  of  HW  to  maintenance 
activity,  and  the  method  of  fitting  a  least  squares  regression  line  through  the  origin  were  determined  to  be  the 
most  useful  methods  of  measuring  pollution  prevention  progress  at  the  ALCs. 
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